THE importance and dynamics of meteorological events (e.g. storm surges) have been discussed in the literature. These are atmospheric induced variations of the sea surface height (SSH) in coastal zones, which have a range of periods between some minutes to some days. These are long waves which are similar to astronomical tides 1 . Some models and software have been designed for predicting the storm surges in coastal regions [2] [3] [4] . In spite of many benefits of these models, there are some problems: field measurements to validate the predictive numerical models are rare because the designed instrumentation for measuring normal SSH variations, such as astronomical tides, breaks down under the onslaught of abnormally high sea level during major surges 5 . The Persian Gulf is an important region in the Middle East situated at the northwest of the Indian Ocean. The importance of the Persian Gulf is due to huge quantities of oil and gas. The Gulf is surrounded by six countries (Iran, Iraq, Kuwait, Saudi Arabia, Qatar and the United Arab Emirates); Iran has the longest coastline of about 900 km. The Gulf generally is affected by tropical storms. There are several Iranian islands in the Persian Gulf. The most famous among them are Hormuz, Khark, Qeshm, Kish, Tonb-e-Kuchak, Tonb-e-Bozorg and AbuMusa [6] [7] [8] [9] . In this communication, sea-level variations related to atmospheric pressure and wind fields at Bushehr and Kangan ports, Iran, which are situated in the northwestern region of the Persian Gulf, have been studied.
The National Cartographic Center (NCC) of Iran has established various permanent tidal stations along the northern coastlines of the Persian Gulf and the Gulf of Oman in the past 25 years 10 . Also, in recent years, several attempts have been made by the NCC to set-up temporary tidal stations for collecting water-level data which have been used for the analysis and prediction of astronomical tides in most ports and vital areas in the southern coast of Iran. The Hydrographic Department of the NCC supports a network of tide-gauges which are established at ports located along the Iranian coastline in the Persian Gulf and the Gulf of Oman. Figure 1 shows the location of these stations in the Gulf of Oman 11 . This network has been established for measuring SSH variations due to astronomical tides. These data have been used for predicting tides and extraction of surges. Predicted tides are published by the NCC in the form of annual tide tables. In this study, the NCC provided semi-hourly tide-gauge data which have been recorded during 2014 at Bushehr and Kangan ports. Figure 1 shows the locations of these ports. Also, the meteorological data during the study period were provided by the NCC and NOAA.
Analysis of the semi-hourly SSH data involves removal of the observed signal which is associated with the astronomical tide. This can be done with high accuracy because the periods of the tidal constituents are accurately known. These constituents have been defined by the motion of the Earth-Moon-Sun system 12 . The SSH oscillations related to a particular period are well known in terms of constituents for that tidal period 13 . About 60 major tidal constituents have been removed from the raw observed data. The residual signal can be associated with the impact of meteorological events, including storm surges. In our analysis, we used 62 major constituents, i.e. N = 62. Analysis of observed sea-level data involved using a month-long time-series of semi-hourly data of sea level as measured by a tide gauge at a tidal station. The calculated tidal signal was then subtracted from the observed data to determine the residual signal, i.e. the de-tided SSH. Some programs are available to carry out such analyses; the TASK software has been used in this study 14 . It has various steps in importing data after appropriate preparation and management of data 15 . The program has been developed by the University of British Columbia and Permanent Service for Mean Sea Level (PSMSL) 16 . This software is based on the harmonic analysis techniques. It has been developed at the National Oceanography Centre (formerly the Proudman Oceanographic Laboratory) and used throughout the world 17 . The software has been used for sea-level analysis in some marine regions such as the Bay of Bengal 5, 18 , Arabian Sea and Indian Ocean 19 , the Persian Gulf and the Gulf of Oman 20 . The month-long historical time-series data of the de-tided SSHs have been used for detection of meteorological events. This analysis was repeated at each of the two stations on the northwest coastline, Bushehr and Kangan ports. The results identified two meteorological events during 16-17 and 24-25 January 2014, that showed the propagation of two long coastal trapped waves which moved from west to east. For showing the occurrences of cyclones we used air pressure and wind field data in the study region and interpolated these data. We used inverse distance weighted (IDW) method, which estimates the value of each cell by averaging the neighborhood data values 20 . For description of meteorological events, wind and pressure fields have been illustrated. For this purpose, we used wind and pressure data in the study region. These data have been obtained from NCC and NOAA. For presentation of these fields, we used the FERRET software. Figure 2 shows the monthly time series of atmospheric pressure for Bushehr and Kangan ports during January 2014. The figure shows two major drops in the barometric pressure on 17 and 25 January 2014. Figures 4 and 5 show the effects of these two cyclonic storms on SSH variations for Bushehr and Kangan ports respectively. They also show the storm-induced SSH associated with the observed sea level. As can be seen from these figures, the observed SSHs along the south coast of Iran (in the northwestern region of the Persian Gulf) are mixed, i.e. they comprise a superposition of diurnal and semi-diurnal tidal constituents. During each month the tidal oscillation exhibits two neaps and two spring tides. During January 2014, the spring tide occurred on 9th and the neap tide on 16th (Figures 4 and  5) . Two major peaks are visible in the sea-level oscillations, one of them occurred on 15 January 2014 and the other nearly one day later. The double trough may be due to the tide-surge interaction. Throughout the cyclonic event, the atmospheric pressure at Bushehr revealed a decrease of about 10 mbar on 16 January 2014, which increased about two days later (Figure 2 ). Similar to Bushehr, there was a meaningful drop in atmospheric pressure at Kangan (Figure 2) . While the atmospheric pressure decreased during the storm, the SSH showed an increase in Bushehr port. Such a pressure fall causes an increase in SSH close to 10 cm if the inverted barometric effect alone considered. Therefore, it is clear that in this event, the impact of wind stress is stronger than the inverted barometer effect. The rise in SSH was not limited to Bushehr port; it was also seen at Kangan port. Here the maximum increase occurred during 17 January 2014, approximately 24 h after Bushehr ( Figure 5 ). The coastline distance between Bushehr and Kangan ports is nearly 220 km. One-day interval between these two ports infers wave celerity of about 3 m/s, which is in the category of coastally trapped wave celerity. One of the possible reasons for this is that the surge moves in the form of edge waves or shelf waves. Further studies are needed to investigate this phase change. From SSH analysis it can be deduced that there are two main constituents in the Persian Gulf data. These are diurnal and semi-diurnal constituents of the tide, the latter is more important than the former. By filtering these constituents the de-tided SSH is extractable; however, in the present analysis for reliability, more than 60 tidal constituents have been considered in filtering process. The residual SSH is the influence of meteorological events over sea level.
During each meteorological event, the de-tided SSHs at both stations are uniform; however, the response at Bushehr is larger than in Kangan. The forms of de-tided SSHs follow the inverted barometer effect.
The time interval of ebb and flood along the southern coast of Iran in the Persian Gulf is nearly 6 h. Therefore, the time accuracy of surge forecasting should be shorter than this duration.
Thus, the present study showed that the meteorological impacts-induced SSH often reveals diurnal and semidiurnal variations. This phenomenon originated from a leakage of energy from tidal to non-tidal frequencies. This may cause a minor error in the analysis. The multipeaks in surge diagrams are the examples of this leakage which is produced by tide-surge interaction.
